The paper includes the research outputs in the area of examining the total costs of delivering products to the customer for a particular transport mode choice. The methodology of choice procedure is presented based on the calculation of threshold distance for different variants of shipments in road and rail transport based on delivery costs. The paper also assesses the possibility of compiling a multi-criteria function for enterprise logistics, that beside the costs takes into account also other aspects as rail transport availability, time for loading and unloading, shipping time or environmental impacts.
Introduction
Within enterprise logistics, an important strategic issue is to decide on the transport mode being used to transport products, materials or components for assembly to the customer. This requirement for product delivery may be a part of one-off or long-term contracts and it may be incorporated into the contract by using a delivery clause Incoterms 2010, e.g. DAP -delivered at place (to the specified destination). In decision-making process on what type of transport used in enterprise logistics will be preferred, it is necessary to have knowledge of procedure of calculating the total delivery costs [1] . The paper contains the published research outputs in this area and the proposed procedure to determine so-called threshold distance, i.e. the distance from which a particular transport mode is more advantageous in terms of the total delivery costs [2, 3] . The European Union has published its plans in the White Paper [4] . It plans to create a single European transport area and a competitive transport system that uses resources efficiently. One of the plans is that 30% of road freight over 300 km should shift to other modes such as rail or waterborne transport by 2030, and more than 50% by 2050. Efficient and green freight corridors would facilitate achieving this goal. If the plan is achieved, this will contribute to shifting the threshold distance down (the distance from which rail transport or water transport is more favourable compared to road freight transport) and the proposed procedure for determining the threshold distance will be even more important. By 2020, the EU is to develop a common approach to internalise the costs of noise and local pollution across whole rail network [4] . Within internalisation of the costs of noise, it can be expected that rail freight transport will be disadvantaged, especially if rail corridors pass through populated areas and trains are operated at night hours when stricter noise limits apply.
In terms of enterprise logistics, it is first necessary to assess technological possibilities on the production side, packaging lines, loading equipment and often the restrictive requirements of customers to whom the product that enters into the next production process is delivered. For instance, this can relate to the maximum weight of goods on one pallet regarding to the limitations of handling equipment and production line. These data enter in deciding on the transport unit size and based on that load distribution on transport means that are considered is proposed [5, 6] . Therefore, the paper includes the application of the proposed procedure for determining the threshold distance including the issue of load distribution in the case of a particular transport units (IBC containers) on particular transport means.
A number of other requirements may enter into decision-making process on the use of a particular transport mode. Some of them may be limiting such as the free capacity of railroad at the required loading and unloading times according to customer needs. This basically represents a problem of multi-criteria decision-making that is also used in logistics [7] . Therefore, it is necessary to take into account more criteria in actual decision-making tasks, for example, importance of shipment time, possible risks that may disrupt the continuity of supply of materials and components to the production (e.g. frequent traffic congestion, possible repairs of bridges and thus detour routes), customer's requirements for packing the shipment into a transport unit due to its possibility for unloading and its technological line. When deciding on the choice of transport mode and particular transport mean or implementation of real logistics process, it is necessary to utilize the cutting-edge decision-making techniques and potential engineering applications that can evaluate a wide range of data gathered on-line within the logistics chain e.g. monitoring of freight vehicles in road transport as well as wagons in rail transport, camera systems at places of loading and unloading, enterprise systems of individual processes such as time of weighing, data on weight at enter and exit from the loading place, weight and etc. [8] .
Methodology of Decision-making on Transport Mode and Carrier
Economic constraints, limited resources, competitive pressure and customers' demands force undertakings to take the most effective and productive decisions on the choice of transport mode and carrier. Given that transport affects customer service, shipping time, service reliability, stocks, packaging, storage, energy consumption, pollution (caused by transport) and other factors, transport management must create the best transport strategy. When deciding on the choice of transport mode or carrier, four separate phases can be distinguished:
-recognizing the problem, -process of exploring the options, -process of making a choice, -subsequent assessment.
Recognizing the problem represents the initial stage in the process of making a decision on the choice of transport mode (carrier) and this can be triggered by a number of different factors: customer requirements, dissatisfaction with the existing mode of transport or changes in the company's model of distribution. The most important factors usually have some connection with the customer service. After recognizing the problem, it is possible to start the phase of exploring possible alternatives, unless the customer insists on a particular transport mode.
Within the process of exploring options, the relevant managers assess various sources of information that may help them to make the optimal decision on the choice of transport mode (carrier). The possible information sources may consist of past experiences, sales representatives of carriers, company records of realized deliveries or company customers. Once a sufficient amount of relevant information is collected, it is possible to make a decision and to choose the optimal alternative of transport mode (carrier).
The process of making a choice includes the selection of one of several alternatives of transport modes or carriers that are available. Based on the information gathered in the process of exploring options, managers in the field of transport determine which one of available options best suits the customer requirements for service and it is at acceptable costs. In general, the main determinants in making a choice of transport mode or carrier are the factors related to the level of customer service and costs.
Regarding the criteria used for selection and assessment of carriers within individual transport modes, many similarities exist. The factors such as timely pick-up and delivery of goods, quick response to customer inquiries, reliable shipping time and competitive rates are generally important regardless of transport mode or carrier considered.
A further stage is subsequent assessment. Once the management makes the choice of transport mode or carrier, it must establish certain evaluation procedures by using of which it will be possible to determine the performance level of the selected transport mode/carrier in the future. It is a matter of a particular company whether the assessment process is extremely detailed or may not even exist at all. In the case of most companies, a scope of the assessment process ranges within the mentioned extremes. It seldom happens that the company does not respond at all to customer complaints regarding carriers. Companies usually use other methods in subsequent assessment, e.g. cost analysis, audits, examining timely pick-ups and deliveries of shipments. Some companies conduct a statistical analysis of quality indicators of transport service provided by the carrier, e.g. timeliness of delivery or a range of losses and damages.
The choice of transport mode and carrier is becoming increasingly important aspect of logistics management because, for example, production companies are generally trying to reduce the number of carriers whom they cooperate with and they create a system of several key carriers or freight forwarders. Within the process of preparing the logistics project and selecting the transport mode or carrier, it is necessary to optimise transport routes or optimise minimum order quantities of products from the side of customers and etc. [6, 9, 10] .
Principles of Making a Choice of Transport Mode based on Delivery Costs
The principle of market economy management based largely on indirect management tools provides individual shippers with the freedom of making a choice of transport mode used. This means that the choice of transport mean is in the competence of companies or their logistics departments, but establishing the assessment criteria is important in the decision process. In the case of indirect way of management, the main criterion is based on the costs incurred on the side of the consignor depending on a particular delivery clause Incoterms 2010 contracted [1] . In particular cases of assessing effectiveness of possible variants of transport modes, it is necessary to take into account not only the costs of the carrier (transport costs) but also delivery costs as a part of the total costs for circulation of goods.
In some cases, it may happen that the circulation costs cannot be ascertained due to insufficient background materials and information. Therefore, the sufficient baseline is to have knowledge of the delivery costs. Delivery costs can be calculated as:
Where: C d -delivery costs C P -shipment packaging costs depending on type of handling and transport mode C L -costs of loading depending on transport mode C T -transport costs C U -costs of unloading depending on transport mode The costs for circulation of goods include all cost items besides the delivery costs also costs for storage, sorting and distribution of goods.
Some parts of the delivery costs can be valued at the consignor costs and others can be valued according to the tariff (e.g. price ranges of particular transport mode or in regard to in-house transport it should be valued based on its own costs).
Only in a small number of cases, production companies decide under consideration of minimizing the delivery costs. In particular, they generally do not know conditions on the side of the consignee and value data about them. However, in many cases, they have insufficient insight into the possibilities of shipment transport and price or cost ranges concerned.
Especially in cases of a larger volume of transport for a particular customer, it is necessary to create conditions for the calculation of a so-called threshold distance for individual carriage ways that are taken into account for this customer. To determine the threshold distance, knowledge on individual elements of relocation and their cost valuation are necessary.
Production companies have various options of transport ways according to their specific conditions. A typical example is the combination of road and rail transport in the case that the consignor of the shipment has available a railway siding and the consignee does not have it. This essentially represents a modal split between direct road transport and one-leg or two-leg combined transport by road and rail transport.
Within the conditions of companies in the Slovak Republic as well as the Czech Republic where the possibilities of inland waterway transport are small, we can model the delivery costs in the following variants:
-rail transport (the consignor and the consignee have railway siding available), -direct road transport, -one-leg combined transport (this means that the consignor or the consignee has a railway siding available), -two-leg combined rail -road transport (neither the consignor nor the consignee do not have railway sidings), -combined transport with the use of containers, -road transport with the possible used of accompanied or unaccompanied combined transport if it is possible in a given transport route, -the use of the technology of swap bodies used in road and rail freight transport.
The basis of the economic calculation of the threshold distance is the modelling of individual elements of the technological process considering the above variants and their cost valuation.
To determine the threshold distance, it is preferable to use the graphical method. The threshold distance is the intersection of curves of the delivery costs e.g. direct road transport and rail transport. According to the graphical representation (Figure 1) , it is preferable to used road transport until reaching the given threshold point ("TD" on the x-axis). Then, rail transport is more advantageous for the distance of over this point. Figure 1 depicts the cost assessment from the consignor to one consignee. If there are more consignees, the delivery costs especially in the area of shipment transport costs will change with respect to different transport routes and thus also costs will change in items such as toll, fuels, driver wage and daily allowance, etc. [2, 11, 12] . Packaging costs are influenced by the following factors:
-dimensions and weight of packed cargo, -packing construction, -packaging material, -bulk density (space that the product occupies during transport), -type of cargo (special requirements for packing of dangerous shipments under ADR).
The decisive cost factor in packaging optimization is transport density of the package/shipment which is the weight per cubic meter. Carriage of 100 kilograms of feather can be more expensive than carriage of 100 kilograms of bearings. Designing a shipping packing by using of which cargo fits better on the pallet or freight vehicles decreases transport costs. By this way, it is possible to reduce the costs of packaging material, storage and transport by 10%. According to FedEx, the biggest current trend in logistics is to reduce packing density. This means that companies that do not pack their products effectively must pay more. The shipment has the optimum package size when the bulk density is as close as possible to the actual weight of the package. Transport and logistics companies determine the costs of carriage based on the actual shipment weight.
Material costs represent on average 60% -80% of the total costs of packaging. Material costs depend on various parameters such as type, quality, construction or manufacturer. It may appear at first sight that the less packaging material, the lower costs, but ultimately, it does not have to be like that. From the point of view of the functional properties of the package itself, the exact opposite is true. The compromise is to find a balance between the construction/design and the size of packaging. Different construction of the same volume sometimes needs a different amount of material. In the case of some types of material, the "exchange" of height and width of packaging can save 20% of the material used. Optimization of packaging dimensions optimizes also the costs and also it is possible to reduce waste and to get cheaper transport [3] .
To verify the proposed method for determining the threshold distance, the authors of the paper carried out a study related to the distance from which rail freight transport is more advantageous within the Slovak Republic for the transport from railway station Cierna nad Tisou (border and transhipment node with Ukraine) to Bratislavacentral train station. The distance between these two stations is 537 km and railway wagon Habbins 2799 with the capacity of 63 europallets was considered for the carriage. To transport the shipment by road, an articulated vehicle with the capacity of 33 europallets was taken into account. Table 1 provides the delivery costs that incur to a consignor and the costs are calculated to one transport uniteuropallet. Some of cost items are calculated only for rail freight transport such as preparing the wagon for loading and ascertaining the weight of wagon together with the consignment. In this study, Tariff TR1 of rail transport operator ZSSK CARGO was taken into account. This tariff is applicable for national transport of wagon consignments in the Slovak Republic.
The higher packaging costs in rail transport are associated with greater demands on the consignor also in terms of checking the take-over the loaded wagon for transport from the side of rail transport operator as well as stricter regulations. Also, the higher loading costs are incurred due to the fact that the cargo is secured in rail transport by lasing straps supplied by the consignor and they will not be returned. In road transport, the used fastening means are owned by the carrier and they are included in the transport price. Figure 2 depicts the graphical representation of threshold distance determination based on the delivery costs from the consignor to consignee applied to a particular case in the Slovak Republic.
According to the method used, rail freight transport is more advantageous for the consignment concerned for transport of over 422 km in the case of using rail wagon of type Habbins 2799 with the capacity of 63 europallets. The x-axis in Figure 2 includes the distance value of 601 km because this is the last category of tariff distance in Tariff TR1 CARGO (601 and more) which is used for national rail transport in terms of the area of the SR.
The mentioned graphical method was also verified within the solution of ChemLog project [3] .
Application of the Proposed Procedure for Determining the Threshold Distance in Transport of Chemical Substances in IBC Containers by Road and Rail Transport
The authors of the paper applied the proposed procedure for determining the threshold distance to the following real case study based on the outputs of the ChemLog project [3] . For transport of shipments to the customers requiring a larger volume of chemicals in IBC containers with shipping time not being a decisive factor, it was necessary to calculate whether the transport in large-volume wagons by rail transport is more advantageous than carriage by road transport using semitrailers. Within enterprise logistics, there is the requirement for choosing a particular transport mean with regard to product packaging and the total weight of one shipping package of the product. In the case considered, it was a unified IBC container with a volume of 1 000 litres of chemicals.
In terms of road transport, flatbed semitrailers with sidewalls and headboard or box body semitrailers are suitable for carriage of IBC containers because they block the cargo against movement to the sides. However, it is not possible to achieve the target payload of 25 t in the case of box body vehicles because the own weight of this vehicle is higher compared to the flatbed vehicles. The aim of the project solution was to reduce the number of road vehicles needed for carriage of IBC containers to the customers and thus to decrease transport costs related to carriage realized by using semitrailers. Also, the objective was to calculate threshold distance above of which rail transport is more preferable.
When transporting chemicals in IBC containers weighing 1 135 kg, it is possible to load a maximum of 21 IBC containers into the semitrailer and 52 IBC containers into the railway wagon Habbillns. The main technical parameters of compared transport units are given in Table 2 . More than double number of the IBC containers can be loaded into the railway wagon in comparison with the semitrailer, assuming that rail transport is carried out on the rail track of D class where the maximum load on the wagon is permitted.
Part of the logistics project solution is also the proposal for load distribution of a particular shipment for a particular usable transport mean. The aim of the proposal is to use the maximum payload of transport mean. The Truck Stow software, developed by the Department of Road and Urban Transport of the University of Zilina, was used to design the load distribution of IBC containers. To basic inputs for the calculation and design of load distribution are technical parameters of transport mean i.e. dimensions of loading space, maximum permitted load per axles and the fifth wheel. Other input data relates to the transport unit i.e. dimensions and weight. The y-axis of the load distribution diagram depicts the weight of cargo in kilograms and the x-axis depicts the distance of the centre of gravity from the front of the semitrailer in centimetres. The distribution diagram for a given shipment (IBC containers) and the semitrailer used is shown in Figure 4 . The proposal for distribution of 21 IBC containers on the semitrailer with payload of 24 tons is shown in Figure 5 (side and top view).
If the centre of gravity of cargo lies within the green area, the fifth wheel of the tractor or three-axle of the semitrailer will not be overloaded.
The centre of gravity of 21 IBC containers of 23 835 kg weight lies 707 cm from the front of the semitrailer, i.e. approximately in the centre of the semitrailer (see Figure 4 and 5). Figure 6 provides a 3D display of distribution of 21 IBC containers on the semi-trailer.
The railway wagon Habbillns is a wagon with three sliding dividing walls that serve to distribute the pressure between the cargo and they block cargo in the upper layer against movement in the longitudinal direction. It was necessary to assess whether the load distribution was fine over the entire length of the wagon. For this evenly distributed cargo with the second layer of cargo in the middle, it was necessary to found out whether the permitted payload of 22 t was not exceeded for the distance of 4 m in the centre of the wagon. This requirement was met because the mentioned payload was at the level of 18.16 t (Figure 7) .
For calculation of the threshold distance, only transport costs for a combination vehicle (tractor + semitrailer) within the Slovak Republic for a 24-tonne shipment within the price range of 0.9 -1.5 /km were taken into account. Similarly, the published Tariff rates TR1 of the company ZSSK Cargo Slovakia, a.s. were applied for the used Habbillns railway wagon to determine transport costs in rail transport. The use of wagons of the carrier was considered.
The charge for the use of Habbillns railway wagon was taken into account in the price calculation. According to the Tariff TR1, this charge was 25.75 /transport. This charge was then calculated for one tonne as follows:
Where: Pv -charge for the use of a particular railway wagon per one transport and calculated on the weight of the particular shipment ( /t) PV -charge for the use of a particular railway wagon per one transport ( ) Q -weight of a particular shipment during the carriage by a particular railway wagon (t) The comparison of threshold distances based on transport price for road and rail transport is provided in Figure 8 .
From the perspective of national or international rail transport, this transport mode is preferable only over a certain distance. According to Tariff TR1, this transport mode is preferable only for the transport distance of over 600 km. It should be noted that companies or logistics companies usually agree on more favourable transport prices with railway undertakings in case that they can guarantee certain pre-agreed volumes of shipments over a certain period in order to obtain tariff discounts.
Generally, it can be stated that the higher the prices in road transport, the shorter threshold distance i.e. transport distance from which rail transport is more advantageous. In the case of the unit price 1.2 /km for the use of a combination vehicle in road transport, the threshold distance for rail transport is 800 km. But, this distance decreases to 650 km when assuming the agreement on tariff discount of 20% in rail transport.
The mentioned calculation of threshold distance as is apparent from the comparison of Figure 1 and 8 did not include the costs for packaging of cargo. These costs are con-sidered to be the same in road and rail transport because the same IBC containers are used in both transport modes. However, the costs of loading and distributing the cargo onto a particular transport mean are a part of the shipping packaging costs as well as the costs of the consignor. Therefore, differences e.g. in terms of the cost for securing cargo may incur. In the case of railway transport, a greater deceleration arises especially in the longitudinal direction, e.g. during shunting of wagons in marshalling stations, in comparison with road transport. Even in accordance with the standard EN 12595-1, it is necessary to secure cargo in forward direction at the level of 0.8 g in road freight transport; but if a semitrailer with cargo is transported by rail, the cargo must be secured in forward direction at the level of 1.0 g (g -the gravity acceleration the value of which is 9.780 m·s −2 ) [5, 14] .
Assuming that the consignor has a railway siding available and the place of loading of railways wagons is associated with loading of semitrailers, the same handling (loading) equipment can be used for the same shipment, and therefore the costs of loading at the place of the consignor are the same for one transport unit (IBC container). However, if the total costs per one transport is to be calculated, the costs of loading 52 IBC containers into the railway wagon expressed in absolute terms in will be higher than costs for loading of the semitrailer.
Multi-criteria Decision-making on the Transport Mode or Carrier
Various requirements may be included in decision-making on the use of a particular transport mode and some of them may be restrictive, e.g. free capacity of railway transport route at the required times of loading and unloading according to the customer's needs. This is essentially a multi-criteria decision-making process that is used in logistics [7] . In a multi-criteria decision-making, the decisionmaker assesses individual variants through a number of criteria while the objectification of the decision-making process depends on a number of assessment aspects. If the number of evaluation criteria and variants is small, the decision-maker may decide based on intuition. In the case of a greater number of criteria, however, this represents a more complex decision-making situation and it is necessary to apply formalized procedures. A suitable formalized procedure is determination of the weights of evaluation criteria and aggregation of partial evaluations into comprehensive assessment [15] . Within multi-criteria evaluation of variants, Fiala P., Jablonsky J. and Manas M. mentioned that the task is explicitly specified by the set of alternatives A = {a 1 , a 2 , . . . , ap} (which may include e.g. the possibilities for a choice of transport mode or carrier in our case) and the set of evaluation criteria F = {f 1 , f 2 , . . . , f k }, (which may consists of the criteria such as shipping time, reliability, timely pick-up and delivery, environmental impacts, the delivery costs, etc.) and by the evaluation of the selected variants through individual criteria in the form of so-called criterion matrix (Figure 9 ) [16] . The elements of criterion matrix y ij , i = 1, 2, . . . , p, j = 1, 2, . . . , k, express information on evaluating alternatives by individual criteria. The information can take the following form:
-cardinal information -represents the actual value that individual variants have achieved in evaluating the given criteria, -ordinal information -expresses the order of a particular variant according to individual criteria i.e. ordering the criteria by relevance, -relative information -compares pair variants between each other according to individual criteria [16] .
Another criterion for decision-making can be the time of relocation of products from the place of storage in an expedition storage of a production company to the consignee (customer). The costs associated with extending the shipping time due to the change of transport mode must be included in the delivery costs.
In terms of the reverse logistics in the area of returnable transport packaging, it was proposed in the case study, in particular from perspective of the costs, to carry out the reverse transport of empty packages exclusively by road freight transport. The proposed plan for load distribution represented loading of 52 empty IBC containers in two layers into the semitrailer.
Especially, rail transport carriers point out that the transport of separate wagon consignments is ineffective for them and they must compensate for losses with other transports carried out. Therefore, the customer must contract for a larger volume of chemicals and makes an order, e.g. for more wagons for a particular transport which may, of course, increase the costs for storage on the side of both the consignor and consignee.
Regardless increased costs of transport, some companies, especially multinational ones, have committed themselves to increase the share of using rail transport that utilises electricity and by this they want to contribute to reducing the impacts of their activities on the environment, e.g. Volkswagen Slovakia.
The criterion representing the impact of a particular way of transport or combination of transport means on the environment enters into the decision-making. In addition to the costs, a so-called carbon footprint for specific transport means used can be calculated [17] [18] [19] . In the case of rail transport that uses electricity as a source of energy, the calculation of indirect emissions produced in electricity production can be used [20] .
Conclusion
When assessing individual variants in making a decision on way of transport in particular cases, it is necessary to take into account not only the costs of the carrier (transport costs) but also the delivery costs as a part of the costs for circulation of goods. In this regard, logistics departments of production companies or their providers of logistics services plays an important role. The role of a logistics or freight forwarding company represents e.g. advising the consignor (e.g. machine manufacturer) the most appropriate way of transport to the place of consignee given that the shipments will often be repeated, and for example the machine price includes also the price of transport to the consignee where the machine will be assembled. Freight forwarders should also utilize advantages of combined transport in order to provide better services for their customers taking into account environmental protection. When evaluating the use of combined transport or direct rail or road transport, it is necessary to take into account the possible risks that arise if the production company decides on using only one transport mode. For instance, unforeseen stoppage of transport, e.g. derailment of a freight train near town Krompachy in the SR on the main doubletrack railway line and subsequent exclusion of all transport including passenger transport for 4 days. Another example is accident in railway tunnel in Italy and very long detour. Similarly, in road transport, the carriers can encounter long detours (e.g. the section of the 1st class road of international importance under Strecno Castle and related detours lasted continuously for 14 days in this case).
In important strategic decision-making about a choice of transport mode or carrier, it is necessary to apply the methods of multi-criteria decision-making. It is recommended so that the decision-maker e.g. logistics department of a production company assesses the individual variants through a number of criteria, while the objectification of the decision-making process depends on a number of assessment aspects and on the accuracy of inputs, for example, in the area of the costs of delivery from the production company to the particular customer.
When deciding on the choice of transport mode and particular transport mean or implementation of real logistics process, it is necessary to utilize the cutting-edge decision-making techniques and potential engineering applications that can evaluate a wide range of data gathered on-line within the logistics chain. In this regard there are several methods such as Collaborative Filtering Bandits [21] or method for assessing the risks associated with e.g. choice of transport means and alternative transport routes [22] . In the application of multi-criteria analysis, the assessment can be supplemented by the other methods [23] .
Also, some dangerous shipments are needed to be monitored on-line throughout the logistics chain, even when combining several transport modes [24] . In this regard, it is possible to obtain a variety of data for decisionmaking processes on the choice of transport mode, transport mean, transport route, delays, handling operation times and etc.
